data for different beam energies and machine acceptances, the lifetime is assumed to scale linearly with the machine acceptance and the inverse of the revolution frequency and quadratically with beam energy, since Rutherford scattering is the dominant transverse loss mechanism. Consequently, all data have been scaled to To=200 MeV, fR,=1.956 MHz and Ao=15r pm rad by multiplying the measured r by (Ti*Ao/fR,)/(T2*A/fR) where T, fR and A are beam energy, revolution frequency and acceptance at the time of the measurement. The scatter of the data points is consistent with the uncertainty in measuring the acceptance and the target thickness. The data are to be compared with a Monte Carlo simulation (curve in Fig. 1 One of the motivations that lead to the construction of the Cooler was the possibility to achieve an extremely small beam energy spread. The Monte Carlo calculation predicts a beam energy spread on the order of a few keV for a coasting beam; somewhat larger values are expected for a bunched beam due to the synchrotron motion of the beam particles inside the RF bucket. The Monte Carlo simulation also predicts that the beam energy spread is the same for a ribbon target as for a gas target of equivalent thickness. To test these predictions of the Monte Carlo code we also studied the beam energy spread in the presence of a target.
The energy spread of a bunched beam was deduced from the distribution of events with respect to the time between the arrival of a scattered proton at a thin scintillator and the occurrence of an RF signal (issued at constant RF phase). Thus this spectrum is related to the spread in phase relative to the RF and therefore to the beam energy spread. For a coasting beam, the energy spread can be deduced from the spread in revolution frequency of the stored particles. This energy spread was measured using a resonant Schottky signal pickup, tuned to a prime multiple of the revolution frequency. No difference in beam energy spread was found when using a ribbon target or a diffuse N2 target. 211 MeV (squares), 260 MeV (diamonds) and 300 MeV (stars). The data clearly fall into two groups: the beam energy spread is about a factor of 5 larger for bunched beam (solid symbols) than for coasting beam (open symbols). On the other hand, the energy spread caused by homogeneous or inhomogeneous targets of equivalent thickness is the same within the accuracy of the measurement.
The beam energy spread calculated with the Monte Carlo code for coasting beam on both the 1 . 1 0~~ cm-2 thick carbon and the N2 gas target is only 3.7 keV. It therefore does not agree with the measured values: this is the one aspect in which the computer model fails to reproduce the data. Small energy spreads that have been reported earlier3 could not be reproduced during the course of this experiment. It is at present not known what explains this. One must conclude that there are still important parameters that govern the operation of the Cooler which are not recognized and not controlled.
We found that the beam lifetime and energy spread observed with an oscillating fiber target are in agreement with the same parameters observed with a homogeneous (N2) target of an equivalent thickness. This was not the case for measurements during the early stages of our studies, when ribbon targets showed shorter lifetimes and wider energy spreads in comparison with a homogeneous target. This effect has subsequently been explained by non-conducting glue joints where the fiber is attached to the frame. For an insulated fiber we measured a lifetime shorter by a factor of about three.
